WO 03/ 095628 PCT/ GB03/01967 1 CONTROL OF ES CELL SELF RENEWAL AND LI NEAGE
SPECI FI CATI ON, AND MEDI UM THEREFOR 5 The present invention relates to
culture conditions and nethods of. culturing pluripotert stemcells in
order to pronote stemcell self renewal and to prevent or contro

di fferentived bsmossed the stemcells. The invention furt pefrgposwibgdes net hods
for isolating and mai ntai ni ng honbgeneous preparations of pluripotentstem
cells. The nethods and conpositions provided are suitable for culturing
and isolating 10 pluripotent stemcells such as enbryonic stem (ES) cells.
The establishnment and mai ntenance of in vitro pluripotent stem cel

cultures in the presence of nedium containing serum and Leukaem a

I nhi bitory Factor (LI F& own_ (Smth et al 1988) Nature 336:
688-90). Such net hods© 5@%@5@%5%%%%%&'45@ uri pot ent enbryonic
stem (ES) cells f ' y passages.

Mai nt enance and SQM'?\%'E{C@W?@*@FM@@E Itures is further
supported where the stemcells are cultured in the presence of feeder

cells or extracts thereof, usually nouse fibroblast cells. Under such
condi t BonThe tpremrﬂommrthba relatemnion taltune lvonditiohsS ané | thethiods f ultuiimpt ent state

over es in culture. A cont.inuj n‘g problemin this field is
t hat , desBUfléc’fenf Slatucallsin pr T tp pronanig s calbselkenewal and fo pravest ent
cultures gfedrfd ?&h&@nﬁ%r@tﬁ&&bmnlgﬁ%ewem.aa Rfthet BroviddSnidifsgh Per | 0ds

only froma tew spéclesS an hose speci es enbryos.

In some c&msmlatunband mr&ﬁhmeidnmg@aaouh@reﬁamo:ﬁs@ftblthiﬁot@ﬁﬁtelﬂ@éeuhhen be
mai ntained in culture for sufficient time to enable study of the cells

ortheir gIh%mQ!hoc#ﬁaandp@nram%twnmm‘gd%awmbm far eylturing Q!Hs!éolﬂfdﬂg r odent
(ot henot NBRsoRR: Shhfids sith a@eﬁﬁ)ry&rﬁ’é 5Rm (ES) cells.

The establishment and maintenance of in vitro pluripotent stem cell cultures in the-
presence of medium containing sefum and Leukaemia Inhibitory Factor (LIF) is
well knoWn (Smith et al. ('i 988) Nature 336: 688-90). Such methods have been
15  used to maintain pluripotent embryonic stem (ES) celis from strains of permissive
mice over many passages. Maintenance and self renewal of pluripotent stem celi
cultures is further supported where the stem cells are cultured in the presence of
feeder cells or exiracts thereof, usually mouse fibroblast celis. Under such
conditions it is possible to maintain human ES cells in a pluripotent state over
20 many passages in culture.

A r_:ontinuing problem in this field is that, despite intense efforts, it remains the
case that pluripotent culiures of ES cells can be derived and maintained for
extended periods only from a few species and even in those species not frdm all
25 embryos. In some cases, pluripoteni cells can be ideniified but can not then be
maintained in culture for sufficient time to enable study of the cells or their genetic
manipulation. This is particuiarly the case for rodent (other than some strains of

mice) cells.



WO 03/ 095628 PCT/ GB03/01967 2 A further problemis that ES cells that can
I ndeed be maintained in a pluripotent state in culture over many passages
can only be so maintained using nedium that contains serum or serum
extract, and hence is undefined, or using cell, culture conditions that
require tmognessnce of other cells, such as the fibr ®@oli&se3/03%7 eeder cells
used to rmaintain human ES 'cells. Hbwever, where ES cells are intended to
be subjected to subsequent controlled differentiation into desired cel
types, it is undesirable to utilise an undefined culture nmediumor to have

het er ol ogous cells present. 10 The serumtypically used in cul turing
pl uri pot emfuﬁh@mfobl%m;isitba&@ §ell&taathrbadewgbe “'?@%ﬁ'ﬁ?g\%? EW"PQteI(‘Fuovm- to

t ai I I Xt ¢ f t oki o S | e les. |
order 1o G THRUIe PUSERERE PRSTPOSS AL PE S IhaimRlreR i efRe T O3 e
unknown i pkighfsind Sefi? of Wehith exifadt, idigre isniridefinee, amuiie cekrvent ual
outcone o ITferentiration is unquantifiable, and could be BOt entially 15

del et er i oggiturBwohtitions et requivethe bF&sehc@ of otherealisasueh anthe fiowdiastar i ati on
into culture protocols. As a result _ the ES,cell s obtai [ture in
SUch ¢ Grplfesden gl Usa o FBI RIBRLRS Selss HPUEKST, PRGT BSeel &8 be! ng
cont am naj HYTR y ntfShel AiRptRtioRnte fediredeerh as

f eeder celt"lﬁgnﬁdat@ are eq%q@ggb?%quﬁeé?%?na@; the ES cells.' These factors
mtigate agrisnst isdenedsiribinto afiigpad umdefinadt culiung medivot orc i have

t herapeutic and other applications of ES cells and their progeny. Wen
derivi ng adwetarolpgeeseelisygsed| | popul ation froman ES cell culture, it is 25
‘desirable to be able to convert a high proportion of the ES cells into
progeny of the same type - i.e. to mmintain as honpbgeneous a popul ati on of

gﬂ } Z‘rgﬁt Igftéls%er@hgy%g?}gam:n ichltmratlimsotent stem aelis & fetal cal éiavirie)| | owi ng
serum, which is known to contain a complex mixture of cytokines and other
signalling molecules. In order to control differentiation pathways it is undesirable
to introduce unknown cytokines to the culture medium whose influence on the
eventual outcome of differenfiation is unquantifiable, and could be potentially
15 deléterious. Further, each serum batch is unique and introduces variation into

culture protocols.

t

As a result, the ES cells obtained by culture in such complex media, and any
‘differentiated progeny thereof, risk being contaminated by components of the
20 . media and/or by cells such as feeder cells that are required to maintain the ES
cells. These factors mitigate against development of good manufacturing

practices for therapeutic and other applications of ES cells and their progeny.

When deriving a differentiated cell population from an ES cell culture, it is
25 desirable to be able to convert a high proportion of the ES cells into progeny of
the same type - i.e. to maintain as homogeneous a population of cells as
possible. However, in practice, itis observed that, following differentiation, a cell
population is obtained that contains a heterogenous mixture of cells. Hence, it

is desirable to be able to carry out differentiation of an ES cell population



popul ation is obtained that contains a heterogenous m xture of cells.

Hence; it is desirable to be able to carry out differentiation of an ES
cell popul ati on WO 03/ 095628 PCT/ GB03/ 01967 3 obtaining a purer popul ation
of progeny. EP 1077254 descri bes nethods and conpositions for the

di ff erent matasovsensf stronmal cells from adi pose tissuePC@GBOIPINAY | ncl ude
interleukins, FG- and 5 serum and3anounts of TG--(3 sufficient to induce
differentiation into smooth nuscle. EP 0753574 descri bes nethods and
conpositions for ex vivo human progenitor cell expansion. The culture

medi um contains strornal cells, typically transfornmed - 10 fi brobl ast cells.

WO 00/ OSMiﬁ@grﬂmm|Mnﬁpmgemy Drosophila germine stemcells and
propagation of somatic stemcells of other species when co-cultured with
genetically engi neered Drosophila cells. 15 WO 96/40866 descri bes

cul tur e SR 2 c8pentiel et RERCHRE R ppSBhE G e meR e B e D 1T

and a_pi il ool oRe baipde WS ORHIBR e/ holewcnidrieniine| Fafsanad
conpositions for the differentiation of. pluripotent cells fromunbilical
cord 8 ocsrimt andiemoonts ofc BGF-A syiicientUs ipdaces difeseniiativpdatoramentds and
conmpositions, far differentiation of miltipotent neural stemcells in

cul ture M¥ECIEN Supplemented with at |east one 25 growth factor. Wles and
Johansson, Exp. Cell Research, 1999 (247) pgs 241-248 deseri bes '

mai nt enance of undifferentiated cell lines in the presence of LIF and Fetal
Bovi ne  EP 0753574 describes methods and compositions for ex vivo human progenitor

cell expanéion. The culture medium contains stromial cells, typically transformed
10  fibroblast cells. '

WO -00/05344 describes-maintenance of Drosophila germline stem cells and
propagation of somatic stem celis of other species when co-cultured with
genetically engineerad Drosophila cells.

15
WO 96/40866 describes serum-free culture of human haematopoietic progenitor
and stem cells in a culture medium containing at least one of a peptone, a

protease inhibitor and a pituitary extract.

20 US 2002/0028510 describes methods and compositions for the differentiation of

pluripotent cells from umbilical cord blood into neuronal cell types.

US 5750376 describes methods and compositions for differentiation of
multipotent neural stem cells in culture medium supplemented with at least one

25 growth factor.

Wiles and Johansson, Exp. Cell Research, 1999 (247) pgs 241-248 describes
maintenance of undifferentiated celt lines in the presence of LIF and Fetal Bovine

Serum. When ES celis were grown in a serum free medium they rapidly lost their



Serum Wien ES cells were grown in a serumfree nmediumthey rapidly |ost
their WO 03/095628 PCT/ GB03/ 01967 4 ES cell phenotype and devel oped into a
range of cell types, including neuroectoderm Hence, an object of the
invention is to provide nethods of culturing and culture 5 nedia suitable

for plurigetemssgtemcells, which are capable of suppectéBgosge! f- renewal
of said stemcells in, an undifferentiated state for nmany passages. A
further object of the invention is to provide a culturing systemthat
permts naintenance of a,pluripotent stemcell culture in vitro until
differentiation of the cells is Induced in a controlled manner: .A still

further q:lgsegé“ 5(? pé Nt idevelopedt intd (e pange df calk Rynes, aﬁduﬁlﬁﬂpom tions

t hat enhance the i sofation of pluripotent stem cells and facilitate their

i sol at i onnduroectoderami sns refractory to ES cell isolation or fromwhich

pl uri potent stemcells have not yet.- been isolated. The present invention is
based on the observation that culturing pluripotent stem 15 cells, such as

ES cells W@[d fovideagethbds of afituring agdl:&nure( e.g. LIF)
and TGF- d-‘éﬂ%ezrbanﬁrﬁ%ftﬁmm&tﬁﬂ ?nal i ng pat. hwayséB tes Eel f

renewas ofnetilaestitabln foeplusipblent stem L‘-@J whighoarg eapalie pé 199, &%t esence of
| 30 signalltn an a t of t sl th

gfow des %G?'@@Ial of g%‘ﬁe‘?ﬂﬁmg Iﬁﬁrﬂ”aﬁsurpcﬁfq{gﬁ:qt%#@g %w er ent | a’ltAPgnpgl g\r/]v:ly

Accoﬁ.ﬁihgglo%]e{:? of 'thé imAnB6A lis 3b ﬁrBﬁdé ra/emUrmg $ystorhdhat peemitse of a

conbl nat i a) an activator of a signallin l%hdat hway downstreamfrom a

recept or maintéﬁm&@dQUMmﬂsimml aell QmﬁtdreZIB vitro untih differentiation obthe, gp130

Ldownstr eag:ellssl is ?n%lulc‘lacri] ?n a gér?t%ed manner A still further object of the invention is {o

10  provide methods and compositions that enhance the isolation of pluripotent stem
cells and facilitate their isolation from organisms refractory to ES cell isolation or
from-which pluripotent stem cells have not yet been isolated.

The present invention is based on the observation that culturing pluripotent stem

15 celis, such as ES cells, in serum-free media comprising agonists of the gp130 .
{e.g. LIF) and TGF-B superfamilly (e.g. BMP4) signalling pathways promotes self
renewat of the stem cells for multiple passages. Hence, inthe presence of gp130
signalling, an agonist of the TGF-PB superfamily signalling pathway provides a self

‘renewal stimulus rather than a pro-differentiation signal.

20 . .
Accordingly, a first aspect of the invention provides the use of a combination of.-

(a) - anactivator of a signalling pathway downstream from a receptor of
the TGF-B superfamily; and

25 _
(b) an activator of a gp130 downstream signalling pathway, in

promoting self-renewal of pluripotent cells in culture.

One or more signalling pathways downstream from a receptor of the TGF-f3



pronoting self-renewal of pluripotent cells in culture. One or nore

signal li ng pat hways downstream from a receptor of the TG~ (3 WO 03/095628
PCT/ GB03/ 01967 5 superfam |y can be activated using an agoni st of a
receptor of the TGF- (3" superfamly. Exanples of receptors are the BWP
receptor gnglslohRsTG--(3 receptor, as well as receptoperisosrdsshy activin
and nodal . Activation of one or nose signalling pathways is preferably
achi eved using an agonist of a BMP 5 receptor. Activation of one or nore
gpl30 downstream signal |l i ng pat hways can be achieved by use of a cytokine
acting through gpl30, for exanple a cytokine or other .agonist of the LIF

recept or . syfbridmigosdl bb adtivatedeasing ain Q@ortlﬁteof’l'ﬁ?eéébteﬂmﬂheﬂ(ﬁl?—ﬁ s suitably
a nmenber of the ."TG--(3 superfam |y of signalling factors, and

or ef er abl superfaonily. nExamplgsnef raseptors ereithe @Mﬁ)re@emiw abdethe. ToF o n

honol ogues of, BMP4, such as, BVP2 a S are

honol ogue'éecPP% %Wefﬁﬁweﬁ%ﬂ{sé’&&eag’g ag&/Pﬁarl@n§g é@%{@éh{”ﬁg élgﬁ @s(dpp) from
Dr osophi | t B MPs 4, 8
and 2. Go@ P@ Il?mg§ ve a s% %%Zérfb%l dg?iﬁggaﬁgﬁlr?gag a’ygm%@rredrp? o?“:gl\/m and
BNP8 Ehltdmep’mr.eam er to obtain in secreted formthan BMP4. The term

"agonise is also intéended to enbrace m'netics, fusion proteins or-:
chi maeras of TGF-Q superfam |y .signalling polypeptides, and fragnments, 20

ToE T3 AR o PR B so AP sppig e B 01 L1
act i vat i ngcigevéDbypusnetf a cytokinedicting troughngp 180 fdrl éxanipiE |, cydaidni of r ophi n,
oncostat ! 'gth'\e/lr ggghilstl_c;fftshg Llllésre%lalﬁtb? '.
10
An agonist of a receptor of the TGF-B superfamily is suitably a member of the
TGF-B superfamily of signalling factors, and is preferably a bone morphogenetic.
protein (BMP) such as'BMP-4. Known homologues of BMP4, such as BMPZ and
BMP7, are also suitable, as are homologues from non-mammalian species such
15 asdecapentaplegic(dpp) from Drosophila melanogaster. Good results have been
obtained using BMPs 4, 8 and 2. Good results have also been obtained using a
chimera of BMP4 and BMPS8, whith is easier to obtain in secreted form than
BMP4. The term “agonist’ is also intended to embrace mimetics, fusion proteins
or chimaeras of TGF-B superfamily signalling polypepfides, and fragments,
20 variants and derivatives thereof, capable of activating receptors of the TGF-p

superfamily.

Cytokines i:apable'of acting through gp130, and thus of activating gp130 signal
transduction, include LIF, CNTF, cardiotrophin, oncostatin M and IL-6 plus siL-6
25 receptor. Suitable cytokines include mimetics, fusion proteins or chimaeras that

can bind to and/for activate signailing though gp130.

The role of cytokines acting through gp130 in the presence of serum is well
established, but the capacity of those cytokines to sustain undifferentiated cells



25 receptor. Suitable cytokines include mnetics, fusion proteins or
chimaeras that can bind to and/or activate signalling though gpl 30. The
rol e of cytokines acting through gpl30 in the presence of serumis well
established, but the capacity of those cytokines to sustain

undi f f er emsto ;stogsd2scel | s WO 03/ 095628 PCT/ GB03/ 01967 6 PEHGBHIIMHsence of
serumis linmted. Previous data on 8MPs, both from devel opnental studies in
vivo and in ES cells, points to activity in driving nmesodermal and
epidermal differentiation. There is no 5 evidence in the literature that
activation 'of -the BMP signalling pathway can enhance self-renewal in

pl uri pot gmthesdbsyence bf seruphigtimited]l y defi ned serumfree nedia for ES cell
differentiation conprirsing LIF and BMP4 has been previously disclosed by
Johansson and Wles (Mol. Cell.. 10 Biol. (1995) 15(1): 141-51). However,

b er SBAPYS EEROHIER, S AT BRnEn B R RRRBER0 ED " H T and

di f f er enthoftits RacliARdivRlgfedolbANaRSBAIdBrABIdIToRatation dhetd isnoel | s.
Differentiation into cells expressing the nesodernmal marker gene,

Br achyair yevidense dhdbe \iteratire dnatsactivgtion of the BMR signalingapathway capi rst 15
par agr ap I n tﬁt—,F absence of. t he ,chem cally defined nmedi um

h MP4
suppl eneri%'\l;‘@ng\ﬁ’ﬁ FREwal iy plErpIBREEe ¥ ons of LIF is capable of |

mai ntaining ES cells for a maxi num-of three passages (see page 143, second
colum). Hence, Johansson and WIles describe a conposition which pronotes
di f f er entCieemicaliyddefrdbsermsfraxt mediadbr 6| eallcifferentiaticagpnepyisingsL IEnd

Tvent | orekaVBAdIaS BResy Pauous g Ehpb o lteeon shpfes feogeecr P 7
medl ufg t by, {79689 95{1)° %4 515 HowWBveR,thé! ekl o conAned af Bhderiead f eeder
albumin component and both LIF and BMP4 were only combined in a cuiture
medium used for promoting differentiation of ES' cells into mesoderm and
haematopoietic cells. Differentiation into cells expressing the mesodermal marker
gene, Brachyury, was observed after 5 days in culture (see page 145, first
15 pafagraph). in the absence of BMP4, the chemically defined medium
supplemented with much higher concentrations of LIF is capable of maintaining
ES cells for a maximum of three passages (see page 143, second column).
Hence, Johansson and Wiles describe a composition which promotes differention
induced by formation of multicellular aggregates and differentiation of ES cells,

20 not self renewal of ES cells.

The present invention therefore provides, in one embodiment, culture of ES cells
in medium that may be free of serum, serum extract, feeder ceils and feeder cell
extract.

25
When using the LIF and BMP4 -containing medium of a specific embodiment of
the present invention extended passaging of ES cells is possible. In one
example, murine ES cells have been maintained for more than 20 passages over

a three month period. Cells were passaged every 2-4 days depending on the



extract. 25 Wen using the LIF and BWMP4 -contai ning nediumof a specific-
enbodi nent of the present Invention extended passaging of ES cells is
possi ble. In one exanple, nurine ES cells have been naintained for nore
than 20 passages over a three nonth period. Cells were passaged every 2-4
days depemdiogsers t he WO 03/ 095628 PCT/ GB03/ 01967 7 pCEGBMPIBE| | density,
t hough occasionally cells were passaged 7-10 days after plating at | ow
density. Another advantage of the present culture systemis that
differentiation of ES cells 5 is reduced 'conpared to culture in the
presence of serum This is significant because often the nost pluripotent
ES cel'l s pisting ¢l diérisiter though tozcasiosallaeils were ipassagedy - toataysoafidrei r

mani pul ati on and expansi on problematic. ES cells in the cultures were
exam ned piatgralew densify- to maintain ES cell 10 norphol ogy and to express
ES cell markers (positive staining for al kaline phosphatase). Wien using a

GFP reporter gene under the control of the ES cell specific Cct-4 pronoter
green fl R Sa0antene obBRprésent BeituRSsystéhds thet differsritiation of B8 esllsosi dase
expression fromthe Sox2 pronoter was mai ntained: ES cell = nRNA markers

such & asrevduuadmsginaRedio@uuursdnzhapégweééﬁwmf uthi ds sigBifieaRit i r ni ng t he
N ES cells..Th hol ogical dif.f f inth

cul tur o (ECPUR e TR Ryer B pals i bt BhESR BrsBBRVA e of s

cel | s 1 herGhuRaRABALIP EAIERAlioHEnd Brpansibhprabibimetie, condi ti ons of t he

present invention “enable ells to self-renew in the absence of serum
20 Enbryonic stemcells have been reported froma nunber of mamral i an

Zﬁg{ fﬁ;n éé]%%ﬁ%n ghg%ldﬁ&reg szgl%l g};}/an%}'leél lan&illgc}%ﬁ sl}lﬁ'lt {8 fhaititdin Eg‘r’éeﬁle) ’
.10 morphology and to express ES cell markers (positive staining for alkaline
phosphatase). When using a GFP reporter gene under the control of the ES cell
specific Oct-4 promoter green fluorescence was sgen in the ES cells. Similarly,
B-galactosidase expression from the Sox2 promoter was maintained. ES cell
mRNA markers such as Oct4, Nénog, Rex1 and Sox2 are expressed, further
15  confirming the cells are ES cells. The morphological differentiation of cells in the
cutture is found to be very low, and lower than a comparative culture of ES cells
in serum-containing medium. Thus, the culture conditions of the present invention

enable ES cells to self-renew in the absence of serum.

20 Embryonic stem cells have been reported from a number of mammalian sources
including mouse (Bradley et al (1984) Nature 309: 255-56), American mink (Mol
Reprod Dev (1992) Dec;33(4):418-31), pig and sheep (J Reprod Fertil Suppl
(1991 );43:255-60), hamster (Dev Biol (1988) May; 127(1):224-7) and cow (Roux
Arch Dev Biol (1992); 201: 134-14;1 ). It will be appreciated that the methods and

25 compositions of the present invention are suitable for adaptation to culturing of
other mammalian pluripotent cell cultures, including human, primate and redent,

and avian ES cells.

Specifically, with regard to human ES celis, it is known that human ES cells



Reprod Dev (1992) Dec; 33(4):418-31); pig and sheep (J Reprod Fertil Suppl
(1991); 43: 255-60), hanmster (Dev Biol (1988) Muy; 127(1 ):224-7) and cow
(Roux Arch Dev Biol (1992); 201: 134-141). It will be appreciated that the
met hods and 25 conpositions of the present invention are suitable for

adapt at i owd st uri ng of ot her manmal i an pl uri pot eRCT/GBO}01IBA] t ur es,

I ncl udi ng human, primate and rodent8 and avian ES cells. Specifically,
with regard to human ES cells, it is known that human ES cells WO 03/ 095628
PCT/ GB03/ 01967 8 respond to LIF and therefore the nedi um and net hods of
the invention, in which a self-renewal stinmulus is obtained in response to

a combi nabighdab LIF dthéreiBidiRe niddiurn and pistheds ¢fdhe invehtiorain Wdlickel |s. 5
Suitable cell densities for the nethods of the invention will var

A A . nti, y
accor di ngg seli-ranewapistimulust ie rabtainednie sesponseita @ cambinatien ohilfmandr es of any
desired ny. od. results have been obtained by. culturing enbryonic
st em cel %ﬁﬁ% %ﬁr&%&?'&aﬂoegqﬁ'ﬂm@% %@%Ci ating the embryonic stemceils and
subsequently culturing the enbryonic stemcells in nonolayer culture on a

culture surface at -a density of 10 fromO0.2 - 2.5 x 104.cells per cnR, nore
parti cfl aSuitabkt cell diasities jordiie fethmds.df the invention will ¥apeaccerding tpBecel | s

1 e complittenisiraelshas besrhand fionafis SERR:Fervey hradftit oot ner Wi n
LIF. 15 TBfhaRdibhan Shidiféd BY! dulifing enfbiyaiib ternGbIL R rhomdiagsny

accordi ng I'nventi1on ar 'ture suffaces recognized in this field
as usef ul giitare, clidsociatihg dhie erbngbnid biesre cellschindl subsaquantly culfuringatbei cs, netal ,

‘conmposi tes, though commonly a surface such as a plasticti,ssu | ture
pl ate, wiemBbiyorisHERMm cells in/mapalayeipulture on geiiture; @'ﬁac%?taq gg"ﬂ&e&gf ten a few
centipptres, i db 3Rl R cend Bor i hford Partichiatly oY BRieRiyPbftsn 03 1.5

x 10* per cm?* The cells proliferate as adherent monolayers and are observed to

have a doubling time comparable to ES cells grown in serum-containing media

together with LIF.

15 Typical surfaces for culture of ES cells and their progeny according to the
invention are culture surfaces recognized in this field as useful for cell cuiture, and
these include surfaces of plastics, metal, composites, though commonly a surface
such as a plastic tissue culture plate, widely commercially available, is used. Such
plates are often a few centimetres in diameter. For scale up, this type of plate can

20 be used at much larger diameters and many repeats plate units used.

It is further common for the culture surface to comprise a celt adhesion protein,
usually coated onto the surface. Receptors or other molecules on the cells bind
to the protein or other cell culture substrate and this promotes adhesion to the
25 surface anditis suggested promotes growth. Gelatin coated plates are commonly

available and are suitable for the invention, and other proteins may also be used.

In an embodiment of the present invention, including an agent that suppresses

differentiation, such as an inhibitor of the FGF receptor in the culture medium for



20 be used at nuch larger dianeters and nmany repeats plate units used. It
Is further comon for the culture surface to conprise a cell adhesion
protein, wusually coated onto the surface. Receptors or other nolecul es on
the cells bind to the protein or other cell culture substrate and this
pronot es aythembsse t o the 25 surface and it i s suggest @dTieBOI@dES gr owt h.
Celatin coated plates are conmmonly %avail able and are suitable for the

i nvention, and other proteins may al so be used. In an enbodi nent of the
present invention, including an agent that suppresses differentiation,
such as an inhibitor of the FGF receptor in the culture nediumfor WO
03/ 095628 aplersipubpithe eulturihgperiodas foupdte suppressthedéndencyof ESrdells’ i s f ound
to suppress e tendency of ES cells' o differentiate._In one enbodi nent,
the” E5 cold aitifentel i ot Smbodiotarictie£5 Gri are Gutiet i Semmst SiRG L F and
an FGF re t N pYal Mo fiPand anPECif ' = ecept or
i nhi bi torq@g,@%‘?ﬁ%@g QE@E’,r'-e'&aS?ed A é@ﬁpg@ﬂ%ﬁﬁfﬁgpgcﬁgﬁp?ﬁgﬂm i ng

pat hway ( defpre BMPREF rBoeptabinkibifGHsremepéd and réplédddinysan agonigioftthe

conmpounds SU5402 and PD173074. Alternativel a conpetitive Inhibitor of
the F&F r@&%ﬁ@ﬂ?"'%ﬁ’?%\é’%ﬁ%ﬂtﬁ“&ﬁﬂ-§Hlt§b'§F§§lfﬁﬁﬁ%°”H@?'thfﬁ"IGI"réﬂertB@eptor. I n

10 fni of £amPouEERSdRbny b0 ARk el b ol BB Sife " T«

nmedi um f oFGReceptor a8e BeRBEd litablyt slublg fémeoithe $etsgroror » absence of an
agoni st of the BMP signalling pathway. ES-cells can be grown In culture

for at |east 20 passages in. N2B27 mediumin the presence of LIF and an

removed AN aeAE SBERAER kis Bontion gh i it HE ERESRROI' Phvi b {or

and ha® | iifHibiforOHeRbe, 2Rk FGH dceBtop irtbitor rsqs‘reﬁérﬁlﬁxfﬂwe/buﬁa%ddmt of the

i nvention provides a nethod of culture of ES cells so as
an extended period, either in the presence or absence of an agonist of the BMP

signalling pathway. 'ES-ceﬂs can-be grown in culture for at least 20 passages in.
N2B27 medium in the presence of LIF and an FGF inhibitor, in the absence of
BMP. if the FGF receptor inhibitor is not removed from the medium, it is
15 preferred that it is a specific inhibitor and has little or no activity on other

receptors.
A second aspect of the invention provides a method of culture of ES cells so as
to promote ES cell self renewal, comprising maintaining the ES cells in medium

20 containing:-

{(a) an activator of a signalling pathway downstream from a receptor of
 the TGF-B superfamily; and

25 (b) an activator of a gp130 downstream sighalling pathway.

in one embodiment, the method of ES cell culture comprises maintaining the ES

cells in a medium containing:-



to pronote ES cell self renewal, conprising naintaining the ES cells in

medi um 20 containing: (a) an activator of a signalling pathway downstream
froma receptor of the TG--(3 superfamly; and 25 (b) an activator of a
gpl30 downstream signalling;pathway. In one enbodi nent, the nethod of ES
cell cul t woeosmesssri ses maintaining the ES cells in apegdiBoaniggnt ai ni ng: WO
03/ 095628 PCT/ GB03/01967 10 (a) anttagoni st of a receptor of the TG (3
superfam|ly; and (b) a cytokine acting through gpl 30. 5 Methods of the

i nvention can be used for stinulating self-renewal of ES cells in nedium
which is, free of serumand free of serumextract, which,cells have

previously begp PassReARt b keepRireF SRCPGRIP siaifanlly; Sad um extract .
Pref erably, EIgﬂch ne%t%hogs' are aPso carried Boﬁ'fml n t.rs{e absence of feeder

cells and/or feeder cell extracts. For exanple, culture of ES cells «can be
carried out copprising,the, 10 steps - maintaining the ES cells in a
pluri potent SPte?d (gqnq%ﬁt'@,quWBBﬁQﬁ{W- on feeders, in the presence of a
cytoki ne acting though gpl30 and serumor an extract of serum 15
passaging the ES cells at |east once; withdrawing the serumor the serum
extragt teadshs the iiventiancan bé Ubed fosistipuidiiagfsedenawaliaf ESrealledn ), so t hat

the nmediumis free of feeders, 20 serum and serun‘{exljtgr ct, Snd
subsequemadiumayhienisfrag of seran| and ﬂe%‘)g]ﬁ?ﬂi"ﬁcﬁ’@rﬁp*ﬂ’ £R.Cells PAYE pr esence of

previousty been passaged in the presence of serum or serum extract. Preferably,
such methods are also carried out in the absence of feeder cells and/or feeder
" cell extracts. For exarriple. culture of ES cells can be carried out comprising the

10  steps of:-

maintaining the ES cells in a pluripotent state in culture, optionally on
feeders, in the presence of a cytokine acting though gp130 and serum or
an extract of serum;

15
passaging the ES cells at least once;

1

withdrawing the serum or the serum exiract from the medium and
withdrawing the feeders (if present), so that the medium is free of feeders,

20 . serum and serum extract; and

subsequently maintaining ES cells in a pluripotent state in the presence of
an activator of a signalling pathway downstream from a receptor of the
TGF B superfamily and an activator of a gp130 downsiream signalling

25 pathway.

At around the time that the serum or extract of serum is withdrawn from the
medium, it is an option to add to the medium an agent that suppresses

differentiation, for example, an FGF-receptor inhibitor. It is an option for the



an activator of a signalling pathway downstream froma receptor of the TGF
O superfamly and an activator of a gpl30 downstreamsignalling 25 :

pat hway. At around the tine that the serumor extract of serumis w thdrawn
fromthe nmedium it is an option to add to the nedium an agent that _
suppr essedvo @hitbsses enti ati on, for exanple, an FGF-rece@CaiGHIHLGI tor. It is
an option for the WO 03/095628 PCT/@B03/ 01967 11 inhibitor of
differentiation to be withdrawn at the sane tinme as or subsequent to'

mai nt enance of the cells in the presence of an activator of a signalling
pat hway downstreamfroma receptor of the' TG--(3 superfamly. 5 The

present i Mhitor ghdifipeentistion iakawithdrawnd thy sasme s arersubsaadenide ed

popul ati o eld.s. ' R S LG WAloR ] construct
encod: ng TP o oBRIRh bBRents BF3H flele dra d@diighaty “Che £
cel I's in dbAnsreaR fom &redeplorat v TGFP diparfangilygnal | i ng pat hways downstream
froma receptor of 15 the TGF Q superfamly; and (b) an activator of gplSO

downstream si gnal | i ng pat hways; and selecting for. ES cells that express

L0, S BocuRB. el lpotih, G, BRSO BB b0l ©
descri bedp@p@aﬁ%‘f‘oﬁéé‘eﬁ@%%ﬁsinbﬂ a further enbodinent, the present
e

i nvention provides a nmethod of clUlture of ES cells,. conprising the steps
of transferring an individual ES-cell to a culture vessel,; 25 such as an

I ndi vi dual wel | on l.ate,., and cultyring the ES cel{ .in the presence of.
an acti vator &Fa'?fegfﬁﬁgi 59'55\‘{*&\:@92"5%3?9@5}9 ?F’G‘?F%biee@@&%f of the TGF
(3 ' ' :

10 plating the ES cells;

culturing the ES ceils in the presence of
~ {a) an activator of signalling pathways downstream from a receptor of
15 the TGF B superfamily; and

(b) an activator of gp130 downstream signalling pathways;- and
selecting for ES cells that express the selectable marker.

20 The selectable marker may encode antibiotic resistance, a cell surface marker or

another selectable marker as described e.g. in EP-A-0695351.

In afurther embodiment, the present invention provides a method of culture of ES
cells, comprising the steps of transferring an individual ES cell to a culture vessel,
25 such as an individual well on a plate, and cuituring the ES cell in the presence of.
an activator of signalling pathways downstream from a receptor of the TGF B
superfamily and an activator of gp130 downstream signalling pathways, so as to

obtain a clonal population of ES cells, all of which are progeny of a singie ES ceil.



superfam |y and an activator of gpl 30 downstream signalling pathways, so .
as to obtain a clonal population of ES cells, all of which are progeny of
a single ES cell. WD 03/095628 PCT/ GB03/ 01967 12 Once a stable, honbgenous
culture of ES cells is obtained, the culture conditions can be altered to
di rect diwbesesisati on of the cells into one or nore eel/GBBYPPes sel ected
fromectodermal, nesodermal or endozlernal cell fates. Addition of, or,

wi t hdrawal of cytokines and signalling factors, can enable the derivation
of 5 specific differentiated cell populations at high efficiency. :
Differentiation of an ES cell towards a non-neuroectodernal fate nmay be
achi eved Oneeamitatiie)ihohggenbes Editureef ESicellgisebtpinesicineculitrecopditions ne acti ng

t hrough gpl 30 and an:agoni st of the BMP receptor and then w thdraw ng the
cyt oki ne canibesaltered ta dirpet fliffersptiation QfetB%ﬁF@‘? ! ?‘gé’(@ﬁi%rtma%?%'rtm%i ng a

further signalldin I e ' ' dinfydis hation. ' For
exanpl e, s&%ﬁ%&ﬂoﬁ FgBdEWéJ V‘%g? e algfa%rgdec{d%ﬁh H%"Ifé%g'saa{hg&?%ggt I on of
mesendodgfiBlavi?dl dyidiases Mhe gy faktorgamirs bralole thbedagivaBen ahd TGF- 0
signal | i ng pat hways "and/ or bl ockade of both pathways | eads to induction of
a 15 reuspetificidifetsntiptesisiipopulatipesathigh elcipncyidereatighion 9iaRES act ors can
be added the culture copditions to dj A | {1 ld | on

pat hways cgh ?owar HB'F"@?“’%{}%‘J(?F'H?”@'&?ﬁi‘@fd‘héeﬁcg@%‘%é’r@srﬂgf{'g!%§{Hse E;':lénd FGFs. In
use, to ' hib13CRarttpen agdvlistof heBMPRVe BWPA at

| east \Q%regﬁ‘etﬁ%@?ggg%@%feﬁ?‘g%‘%??@Pgﬁ?ig%??%n is ini tiggi edo, in order to
ensur e t rateptdreanBfen withdeawintpthie aytekinerwhilsheaintaisingdhe Byt receptor ne BVP

signal during subsequent - differentiation. Ln one e di . FGF

‘receptor w&gowdzqr ?‘§91§5d@cglF ef Rignalling L'ﬂcg%c"ﬁ rceg:%g?e[ c?.?‘te{%;cﬂﬁ@sages

whi | S_LD r%\%m “BYP fromthe cultures. 25 Further aspects of =the invention
e f e

provi culture nedia for self-reneval of

For example, exposure to -BMP4 in the absence of LIF leads- to induction of
mesendodermal cell types. Withdrawal of agonists of the gp130 and TGF-B
signalting pathways and/or blockade of both pathways leads to induction of a
15 neurectodermal phenotype. Alternatively, other signalling factors can be added
to the culture conditions to direct other differentiation pathways - for example,

activin, sonic hedgehog (shh), Wnts and FGFs.

In use, fowards the end of ES cell culture, itis desirable to remove BMP4 ai least
20 . one passage before differentiation is initiated, in order to ensure that the BMP
signal declines and there is no legacy of the BMP signal during subsequent’
differentiation. In one embodiment, an FGF receptor antagonist is added fo the

cultures for one to.two passages whilst removing BMP from the cultures.

25  Further aspects of-the invention provide for cell culfure media for self-renewal of

ES cells. One such medium comprises:-

basal medium;



ES cells. One such medi um conprises: basal medium WD 03/095628

PCT/ (B03/ 01967 13 an activator of signalling pathways. downstream of a
receptor of the' TG (3 superfamly; an activator of gpl30 downstream
signalling pathways; 5 an iron-transporter; wherein the nediumis free of
serum andweanmgssssxtract. 10 Basal nediumis nmedi um t hacT/espiliteds essenti al ,
sources of carbon and/or vitam ns1and/or mnerals for the ES cells. The
basal nmediumis generally free of protein and incapable on its own of
supporting self-renewal of ES cells. The iron transporter provides a
source of iron or provides ability to take up iron fromth? | ture

medi um Sui t abl e i apactvaierssianelisg patways.cowasEen of 4 reeRP %fpcgkb%nsf errin.
15 1t is preferred trlla,é t he_nmedi um further conprises insulin or
insulin-1ike growt RCFrBSHRRTAHY i s free of feeder cells and feeder cell
extract. The invention also provides cell culture nedia conprising:- 20 (a)
an agoni st of a TGF-(3 receptor; and (b) ia cytokine acting through gpl30.
25 The cul ture nediapactisatopof griadidovwnshpamraignadingwathways:i nhi bi t or of
differentiation of ES cells, or, when-differentiation Is desired,

signal Bing factors that direct differentiation of ES cells toward a

speci fic phenotype. It I .red that the nediumis free of serum or
serum extract. l\/bs?%'ﬁogftzar a@ﬁ{'}sﬂ

wherein the medium is free of serum and serum extract.

10 Basal medium is medium that supplies essential. sourcés of carbon and/or
vitamins and/or minerals for the ES cells. The basal medium is generally free of
| protein-and incapable on its own of supporting self-renewal of ES cells. The iron
transporter provides a source of iron or provides ability to take up iron from the

culture medium. Suitable iron transporters include transferrin and apotransferrin.

15
It is preferred that the medium further comprises insulin or insulin-like growth

factor and is free of feeder cells and feeder cell extract.
The invention aiso provides cell culture media comprising:-
20
(a) an agonist of a TGF-[ receptor; and

(b) :acytokine acting through gp130.

95  The culture medium is optionally supplemented with an inhibitor of differeqtiation
of ES cells, or, when differentiation is desired, signalling factors that direct

differentiation of ES cells toward a specific phenotype.

ltis preferred that the medium is free of serum or serum extract. Most preferably,



WO 03/ 095628 PCT/ GB03/01967 14 the mediumis fully defined. In a preferred
enbodi nent of the 'invention the culture nediumconprises the' gpl30
receptor binding cytokine, LIF, at a concentration of between IOUn and 5
1000U M, nore preferably between 50U/ rinms and. 5000/, even nore

pr ef er abl wo izpedstee region of 100 U . It will be apprericeoedsdsy a person
of skill in the art that activationt4of signalling pathways downstream from
a receptor of the TG R superfamly can be effected 10 by either upstream
agoni sts of the TG (3 receptor (e.g. receptor ligands), constitutively
active receptors, or activated downstream conponents of the "signalling
pat hway, the medismpisduliyndefil®dD si gnal transduction nol ecul es. Li kew se
upstream effectors (eg. cytokines) and downstream effectors (eg. Stats) of
the gpl 30signal transduction pathway are capable of activating this

pat hway 1§, 3 rﬁjrﬁfecrga%nh&d?ﬁlgﬁ Sﬁfxatinirréﬁ{iﬁﬁtthé’&f_@'@f@ér @amPedmprER QAL 1 ons

conpri sing ul'es capa activating ecept.or superfam |y

si gnal | i ngp#30 reweptor bmmhgm&élane,lmm,aétlalomcpmrdﬂmﬁ betwesrdtU/tnbapd onot e sel f
renewal_ of aéurl potent stemcells. i s.further preferred, according

to thedi nJEAOYHEM, mpfﬁa}?feiQEﬁ’t"Mlb@t“‘éﬁef‘&qwg“ ?Bd 580Wind gevan more-praferdiifier ent
cul ture, ﬁgﬂ&r@%g’f‘%@ ﬁﬁéﬁéﬂ the invention it has been found that follow ng

mai nt enan . uripotent state, differentiation can be, induced
with a high degree of uniformty and with high cell viability. Adherent
cultures may be pronoted by the inclusion of a cell adhesion Frotein, and
i n speci f itovithbgrgppseciateddiy a ipersomaefrakiioin fb%laattﬂ’lﬁt activation of sigealliag a coating

ol 1 o5 ccHplaieGo RHAPRESH il o bePlo? O St G Bbphtafit b Fo Blbd ;™
opti ong b?relﬂl%HLﬁ)sir@allﬁea@cﬁrﬁH@ d)f“th'éU?GFE]?'r@ébﬁié'r' 1é!§Creceptor ligands),
constitutively’ active receptors, or activated downstream components of the
-signalling pathway, -for-example the SMAD signal transduction molecules. |
Likewise upstream effectors (eg. cyltokines) and downstream effectors (eg. Stats)
of the gp130 signal transduction pathway are capable of activating this pathway
16 alsb. Thus, the present invention embraces all compositions comprising
molecules capable of activating TGF-B receptor superfamily signalling pathways
and gp130 signalling pathways in order to promote self renewal of pluripotent

stem cells.

20 . ltisfurther preferred, according to the invention, that cutture of cells is carried out
in an adherent culture, and in examples of the invention it has been found that
following maintenance of cells in a pluripotent state, differentiation can be induced
with a high degree of uniférmity and with high cell viability. Adherent cultures may
be promoted by the inclusion of a cell adhesion protein, and in specific examples

25 of the invention gelatin has been used as a coating for the culture substrate.

It is also preferred to culture pluripotent cells according to the invention in
monolayer culture, though it is optional for cells to be grown in suspension culture

or as pre-cell aggregates; cells can also be grown on beads or on other suitable



or as pre-cell aggregates; cells can also be grown on beads or on other

sui tabl e WD 03/095628 PCT/ GB03/ 01967 15 scaffolds such as nenbranes or

ot her 3-di nensional structures. A further conponent of mediumfor culture
of pluripotent cells according to the invention, and which is preferred to
be presenwodsmesazsf act or pronoting survival 5 and/or mET&BBINISH of t he
cells. In a specific enbodi nent of Bhe invention, cells are cultured in the
presence of insulin. An alternative factor is insulin-like growh factor
and ot her such survival and/or metabolismpronoting factors may
alternatively be used. 10 Culture nediumused in the exanples of the

i nvent i onsqaffeldsrsubh wsanhgrobranep or sther 3sdimensianastiueiutesi s can be used in
purified 'or reconbinant form and if in a reconbinant formthis has the
advant age of.- absence of potential contam nating factors, cytokines etc:
The cultu i @) i Betwr is
component i SOMHeRB Rt BtheER(Hol Bufa o BB A e g e by
synt het i cinperitione ané pehisty isnprefertetiotoobe pessedt ds ai faeir pyormdtingsswevival . A

parti cul a;TH/ preferred nediumof the invention i séﬁqge,t.hat 1S fFI |y

def i nef. fer matelolism @b de orlls. b AsheRifig Aot the IMeRtioNaPRIS Indef i ned,

that is tQ _Saw. ( n | S, #WE : i contain
undef i nedgr&c?’gﬁre@g%%:@%%@%ﬁ”ﬁ@; hg%gtetn%ggé;@& [ édﬂg'ﬁﬁﬂg‘%@n age of using
a fully dekioreshd BaebruBLES suRAVal edrid/el enétabolidnt Qrombting tfagtors ogayl s for
culture and subsequent nmanipul ation of pluripotent cells can be derived.
Furt her, aliernati usétht i ntenance of cells in a pluripotent state is
‘achi evable with-higher efficiency and greater predictability and that when
differentiation is induced in cells cultured 25 using a defined nediumthe
responge &0l métihrheis8a i RbleRBmpledtTthd iBvértion préferaipaiRy sofpfseg\hen
undefined nediumis used. ‘

serum albumin. This can be used in purified 'or recombinant form, and if in a

recombinant form this has the advantage of absence of potential contaminating

factors, cytokines eic. The culture medium does not need fo contain serum

albumin and this component can be omitted or replaced by another bulk protein
15 orbya synthetic polymer (polyvinyl alcohol)} as described by Wiles et al.

A particularly preferred medium of the invention is one that is fully defined. This
medium does not contain any components which are undefined, that is to say
bomponents whose content is unknown or which may contain undefined or
20 varying factors that are unspecified. An advantage of using a fully defined
medium is that efficient and consisient protocols for culture and subsequent
manipulation of pluripotent cells can be derived. Further, it is found that
maintenance of cells in a pluripotent state is achievable with higher efficiency and
greater predictability and that whén differentiation is induced in cells cultured
25 using a defined medium the response to the differentiation signal is more

homogenous then-when undefined medium is used.

A medium according to the present invention may be used for culture of

pluripotent stem cells from any adult tissue.



A nmedi um according to the present invention may be used for culture of
pluripotent stemcells fromany adult tissue. WO 03/095628 PCT/ G1L103101967
16 Methods of the invention also include a method of obtaining a
differentiated cell conprising culturing a pluripotent cell as described
and al | owiyighsRssemausi ng the cell to differentiate, wrergisodibe cel
‘contains a sel ectable markerwhich i6s capable of differential expression
in the desired differentiated cell conpared with other 5 cell-types,,

i ncluding pluripotent stemcells, whereby differential expression of the
sel ectable' marker results in preferential isolation and/or survival and/or
di vi si on Mdthddirofdes investish alkeirNidecd sritiel dfpbtaihiagd differeatidtedteltl cel | can
be a tissue stem-or progenitor cell, and may be a 10 termnally

di f f er ent icampdsiog icuituringa piusipetant pell andesaribad apd gllowing.er causBERR of

(i ssue 17 GBS W BR el et el i TR bedg 1

cyt oki ne , 8:@ %ﬂfﬂé&ﬁtlﬁf Qs&l@rjr %p%hea&%lreﬁ Riiteentiled cell c%gére-ﬂcﬁtr%ﬂhéﬁ eptor;

and/ or . an Inhibrtor o receptor Preferably, the nediumis a
fully def |cewpeeﬁndndlngrpimpbterﬁ btem eatispuiherehy differantiahexpression gfithei des use
of a conbination, of: (Ia an _i nhj, i,t= r.of FE rec,MQtor m%lllng and
(b) an actelpstable raﬁrlsgﬁi%wfamgqfw@a éf’r ion g 195628

PCT/ GBO31Q4 84 desired differentiated cells.

" The differentiated cell can be a tissue stem or progenitor cell, and may be a

10 terminally differentiated cell.

The present invention also provides a method of isolating a pluripotent stem cell '
oranEGor EC celi'cbmprising culturing tissue from an embryo, fetus or adult in

medium containing:-

h (8)  a cytokine acting through gp130; and
(b) an agonist of a TGF |B receptor; and/or
20 . (¢) aninhibitor of a FGF receptor
Preferably, the medium is a fully defined medium.
In a further embodiment, the iﬁvention provides use of a-combination of:-

25
— (a) aninhibitor of FGF receptor signalling; and

(b)  an activator of gp130 downstream signalling pathways



17 in pronoting self-renewal of'pluripotent cells in culture. The nethods

and conpositions of the invention are illustrated in the acconpanying
drawing in which: 5 Fig. 1 shows a |light mcroscopy inmage of ES cells grown
at either high or' Ilowcell density in the serumfree defined nedia of the

I nvent i omyoGghdsszs expressing the G-P protein under thecooesiook? of the ES
cell specific pronoter, Oct4, fluaresce; 10 Fig. 2 shows |ight m croscopy
i mages of the ES cells.stably transfected w th pPCAGtauG-P-1P
in-serumfree nediumin the presence of LIF and. BMP4; 15 Fig. 3 shows a
chimeric nouse enbryo (at enbryonic day 11) created from blastocysts

inj ected wit h icproRgingeeii-ingers! efqiuripatentcels inxullargy. 4 shows phase
contrast and fluorescence inages of individual ES cells plated at | ow
density in the pr esence of LIF and BMP4, and clonal 20 popul ations derived
ther ef roml'flé lé‘?iat I:B bb:ﬂ«gns Rf9the ifVERnCare ilistraidd 4RFthdS cells
(passage 3) grown iIn pl us neurobasal nedium (ratio 1:1)

suppl enenaermmwa*riylrigiﬂ'faw“[gln wmsm+| n, apotransferrin, progesterone,

putresci ne and sodium selenite; 25 Fi g. 6 shows an i nmunobl ot denonstrating
phosphéryl ation of p-STAT3, STAT3, p-Smadl and p-Smad2 at 15 mn and 1

o O vt e o8 eI WSnbartigep 10

cells; and WO

U

low cell density in the serum-free defined media of the invention; cells
expressing the GFP protein under the control of the ES cell specific
promoter, Oct4, fluoresce;
10
Fig. 2 shows light microscopy images of the ES cells stably transfected
- with pPCAG-tauGFP-IP in-serum-free medium in the presence of LIF and
BMP4,;

15 Fig. 3 shows a chimeric mouse embryo (at embryonic day 11) created from

blastocysts injected with GFP-expressing ES -cells of Fig. 2;

Fig. 4 shows phase contrast and fluorescence images of individual ES
cells plated at low density in the presence of LIF and BMP4, and clonal
20 populations derived therefrom at 6 days post-plating;

Fig. 5 shows 0S25 and Oct4GFP ES cells (passage 3) grown in DMEM
F12 plus neurobasal medium (ratio 1:1) supplemented with iIGF-1 or
insulin, apotransferrin, progésterone, putrescine and sodium selenite;

25
Fig. 6 shows an immuncblot demonstrating phosphorylation of p-STAT3,
STAT3, p-Smad1 and p-Smad2 at 15 min and 1 hour post administration
of one or more of LIF/IBMP4/TGF-B1/serum to ES cells; and



18 Fig. 7 shows an i nmunobl ot denonstrating phosphoryl ati on of ERKs, p38,
,1 Smadsl and 2 and STAT-3 at 0, 15 mns, 30 mns, 1, 2, 4, 8 and 24 hours
post administration of LIF plus BMP4 plus TG--f31 to ES cells. The
phosphoryl ati on pattern at 1 hour post adm nistration is conpared with that
5 1 hour poIbeedm nistration of LIF + "erum The | nvemrCT/GROJ9s@denonstr at ed
I n use by the followi ng exanples. 180 EXAMPLES Exanple 1. Method for
growing ES cells In serumfree, feeder cell free defined culture nmedia 15
N2B27 (1:1 m xture of DMVEM F12 nedi um suppl enented with nodified N2

(25pg/ M insulin, 106pg/ M apo-transferrin, 6ng/m progesterone, 16pg/m
putresci ne, 3dniyl Bsttiwsansaimmiobiot demonstigting phesphenylatise pUERIS.H3G n) and

Neur obasal dj ‘ i t 7). 20 ES cel | t din 0.1%
ol 8t 1 coat ecORURLETA 23R8 357" ath. L5 s st dnk O ZAPUED0) 1) and
BMP4 (10ng/ m ' SE T £ I ' i ati

buf fer e LSO QOTASEAREr LI pisgNe oS M GE BT s T o el | o
was appr oxi matphosphedylation ditérani 1 héur pdss-adinistration isdompaeed witkethakdi um was

further suppl enented wth SU5402 (r'5pl\/) . to suppress differentiation. Cells
wer e t Panst er r bhowPoR-grministeatiopoT SBAEEWMt er  two passages. 1

' The invention is demonstrated in use by the following examples.

10
EXAMPLES -
Example 1. Methéd' for growing ES cells in serum free, feeder cell free
defined culture media
15
N2B27 (1:1 mixture of DMEM/F 12 medium supplemented with modified N2
(25pg/ml insulin, 100pg/ml apo-transferrin, 6ng/mi progesterone,
16lg/mi pufrescine, 30nM sodium selenite and 50lg/ml bovine
serum albumin) and Neurobasal medium supplemented with B27)
20 -

ES ceils were cuitured in 0.1% gelatin coated dishes in N2B27 medium
supplemented with LIF {100U/mi) and BMP4 (10ng/ml). For péssaging, a

standard protein-free cell dissociation buffer was used to dissociate cells.
25 The plating density of the cells was approximately 1-5 x 10* /om?.-

At the start of culture, the medium was further supplemented with SU5402 (5M)

to suppress differentiation. Cells were transferred to media free of SU5402 after

two passages.



WO 03/ 095628 PCT/ GB03/ 01967 19 ES cells were maintained in these serum
free conditions for 20 passages over a three nonth period. Cells were
normal |y passaged every 2-4 days depending on plating density.
Qccasionally, cell were passaged 7-10 days after plating at |ow clonal
density. WOI®9ES cel |l s mai ntai ned pluripotency after REHIGBIIISpassages.
Upon withdrawal of LIF and BMP4 th® ES cells differentiated into Sox1l
expressing neural precursor <cells. In the presence of BWP4 but absence of
LIF, the ES cells differentiated into large flat cells of characteristic

rmrphol og 10 Exanp Qct 4- GEP _expr essi i ' S cells

cul tured Q@lls W@@r’ﬂ%‘"?ﬁ"&@ |8(S|Pﬁﬁ9c§%w§'p"e&ﬁoﬂ‘@ﬂn§@%}t % ?5%56 s were

cul tured n | AQA (o‘nee Exanpl e
1) in O. 1 gﬁﬁﬁgﬁ%é@é‘%’ %t €es. ﬁé{gsgl?edé%prgg?agée%(?gé S \%ere cul tured
in N2B27 ;ﬂsﬁhgua@renppeemmymammeamgem dapé adter plating ablew t wo
passages light mcroscope inmages were taken of the cells under phase
contrast ¢lonalldensifyor phol ogy and WV fl uorescence to show expression of GFP.
The m croscopy inmages are shown in Fig. 1. 20 It is apparent t hat both the
rmrpho5ogy and expression of GFP indicates that after "~four passages in

serum fr eq, opdi MSined ol eemultiphl passhges. Adpamwithdrawabt ype. 25
Exanpl e 3 gb g%ﬁgans ect |don ﬁg?ﬂgg cells E14 T&QRA ES cells were cultured

i n DVEM F3fLIpandBNB4rihe ESzelisditietentiated into Sox 1 expressing neural precursor
cells. In the presence of BMP4 but absence of LIF, the ES cells differentiated into

large flat cells of characteristic morphology.
10

Example 2. Oct4-GFP expression is maintained in ES cells cultured under

serumfree condifions™

Oct4GFP (clone C1) ES cells were cultured in N2B27 medium supplemented with
16 LIF and SU5402 (see- Example 1) in 0.1% gelatine coated plates. After two
passages cells were cultured in N2B27 medium supplemented with LIF and
BMP4. After a further two passages light microscope images were taken of the
cells under phase contrast to show morphology and UV fluorescence to show
expression of GFP. The microscopy images are shown in Fig. 1.
20 L
Itis apparent that both the morphology and expression of GFP indicates that after
four passages in serum free media the ES cells maintained their pluripotent

phenotype.
25 Example 3. Stable transfection of ES cells

E14 TG2A ES cells were cultured in DMEM F12 plus neurobasal medium
supplemented with N2-B27 additives and also su pplemented with LIF and BMP4.
The cells were propagated on 0.1% gelatin coated plaies, harvested and



suppl enented wi th N2-B27 additives and al so suppl enmented with LI F and BMP4.
The cells were propagated on 0.1%gelatin coated plates, harvested and WO
03/ 095628 PCT/ GB03/ 01967 20 el ectroporated with pPCAG tauG-P-1P.
Transfected cells were replated on a .10cm dianeter dish at a density of
105- 106 pe¥o sdiosdszs After 24 hours, 0.5pg/m  puronyci npozs&Basidest t o sel ect
for positive colonies. 5 Between 8amd 10 days later, single G-P positive
col onies were picked into each single well of a 96 well plate and the
cells: cutured in the same nedium as described above. Stable transfection
of the ES cells by GFP fluorescence and expansion of 10 norphol-ogically
undi f f er erdiécopdrai®l with| pPOARG-taldSEPAB, Trassfdetad wetls aterel réplateBian a2. Exanpl e

4. Chineric noyse 15 GFP expressi ells, obtgjn as descriped in
Ecanpl o 3 DeBVamel A pics Beasibi o ErigE Pat. Jishs ANGE A ARG BHIES ool | s
contri but | ok 0. a chimeric nouse enbryo, as
shown in ﬁﬂﬁ@ﬂga?g%%?§§§$g§g§§&¥§¢b$m@¥ﬁgﬁ%%§% chimeric mce were o%tained,
having a chinmeric coat, confirmng that the cells were true ES cells. 20

Exanple. 5. Clonal self-renewal of ES cells Individual ES cells were picked
and t r dhsfBatween & and 10dnysiatar, singe Gi? posifivercsionigsiveraniekeddafoieqchedi um as

d i bed £ P : found, t he. ef ficien. . '
hese B cutde Wl S bbisane e PR CobS 1 oo BREL Bl 88 %one
passage, tfashfhet bdv@dr to that obtainable using serum

" Stable transfection of the ES cells by GFP fluorescence and expansion of
10 morphologically undifferentiated ES cells was observed, as demonstrated in
Fig. 2.

Example 4. Chimeric mouse

15 GF.P expressing ES cells obtained as described in Example 3 above were
injected into blastocysts. GFP expressing ES cells contributed to a wide range -
of celi-fypes in a chimeric mouse embryo, as shown in Fig. 3 (embryonic day 11).
Live born chimeric mice were obtained, having a chimeric coat, confirming that
the cells were true ES cells.

20 -

Example 5. Clonal self-renewal of ES cells

Individual ES cells were picked and transferred info wells of a 96 well plate, and
cuftured in medium as described for Example 3 above.

25
We found the efficiency of cloning of these ES cells, previously grown in serum
-free media for at least one passage, to be similar to that obtainable using serum-
containing medium, i.e. about 10% efficiency. The clones grew and could be

- passaged and grown further as undifferentiated £S celis in the presence of LIF



containing nmedium i.e. about 10% efficiency. The clones grew and coul d be
passaged and grown further as undifferentiated ES cells in the presence of
LI F WD 03/ 095628 PCT/ GB03/ 01967 21 and BMP4, as shown in Fig. 4. In

previ ous experinments (data not published) we have discovered that ES cells
grown in sesermwent ai ni ng medi um when transferred dir #€TIGBIYAE serum free
5 medi um denonstrate | ower formati ol of clonal colonies. Exanple 6. G owh
of ES cells in fully defined mediumES cells were grown in a fully defined,
al bumn free, nediumconprising DMEM 10 F12 plus neurobasal nmedium (ratio
1:1) supplenented with 1G=1 10pg/m (or insulin at 5-25pg/m),

apot r ansf gid BMP0LPHdin |rp|F§g¢_St erone 6pg/m, putrescine 16pg/ m -and

sodi um sel eni t e .30nnol . GFP ES cells were passaged 6 tines (cells
passaged every 6-8 days) using 15 cell dissociation buffer and repl ated

ar fféﬂﬁfiﬁ FERSG St A5 ol pup BhEY3TE ARY é%gﬁﬁ%eﬁ?ff%%saﬁfﬁﬁs?gﬁfage ’
Sompr | s %ﬁ%bem%%ﬁ@*aﬁhfﬁﬁgé R e WAl orfod et 10 8 e e Ted w th
N2- B275 Efediahi demenistrabe ived fatmatienyof blmma{mhknnes Y, about 1000- 10, 000 cells

on a 3.5cmdianeter plate and grown on in the sanme nmedi um suppl enent ed
with LIF and BMP4. 25 Intermttently, TG-(3 at 1-2ng/m or activin A at

ool VSRR QAo bl AR b | > orown on 2l .

ES cells were grown in a fully defined, albumin free, medium comprising DMEM
10  F12 plus neurobasal medium (ratio 1:1) supplemented with IGF-1 10ug/ml (or
insulin at 5-25pg/mi), apotransferrin 100pg/mi, p}ogesterone 6pug/mi, putrescine

16pg/mi-and sodium selenite 30nmol.
Oct4GFP ES cells were passaged 6 times (cells passaged every 6-8 days) using
15 cell dissociation buffer and replated after each passage at low density.

Microscopy images taken after passage 3 are shown in Fig. 5.

Example 7. Use of serum-free medium and transient growth factor

stimulation

20
ES cells were grown initially in a medium comprising DMEM F12 plus neurcbasal
medium (ratio 1:1) supplemented with N2-B27. ES cells were plated at very fow
density, aﬁout 1000-10,000 cells on a 3.5cm diameter piate"and grown on in the
same medium supplemented with LIF and BMP4.

25

Intermittently, TGFB at 1-2ng/ml or activin A at 5ng/ml were added to the culture

medium and the cells grown on again.

We observed enhanced numbers of undifferentiated ES cells, indicating



We observed enhanced nunbers of undifferentiated ES cells, indicating WO
03/ 095628 PCT/ GB03/ 01967 22 increased proliferation or increased ES cell
survival, or both. Hence the rank order. of efficiency was found to be:
LIF/ BMP4/ activin A (5 ng/m) > LIE BW4/ TG-(3 (1-2 ng/m) > LIF/
activin Aw®ospedstd=/ BMP4 > LIF/ TG (i 1 > LIF only. Actresosmpe (5-6)
passages the rank order of efficacy2changed to: LIF/ BMP4 > LIF/ BWP4/
activin A> LIF/ BMP4/ TG-0 > LIF /activin A= LIF only. 10 Wen either
TGF(3 or activin A was continuously present, progressive differentiation
of the ES cell's was observed. Adm nistration of LIF and BMP4 was observed
to | ead tdncprleesmprthescaiummomhere}aﬁe&ﬂ&)seli siRivah or SO4T3Henetile ik 6 and 7)
- dem)nstratl n a.t there is, activation of pathways downstream from

t he. BMP arRidg] %‘E"é’d’i’%ﬁ@m BB%pl e 8. Conparison of ES cells grown In
serumfree and serum containing nmedium 20 We cultured Cct4G-P ES cells in
0.1 %gelatin coated 6 well plates at a density of 4 x 105 cells per well

in the folliBABNP4NEctivn APGB&@Enlpbu.EIFLBHP4N2@FYBM-ng%hﬁ> aFractRiPA and GVEM
10% FCS plus LIF. The results are shown.in Table.1. Cel di ssoci ati on

buf f er Shvad LEEBMRA BiLdAGRP 2 &IF enlyAf t er passage 5 the nunmber of 25
cells growmn in N2B27 plus LIF was not sufficient to continue culture. The
i nvention thus provides nedium and net hods for self-renewal of ES cells of

many speci Q.. nWPng/ Eﬁ %‘Z’uggﬁe@ﬂé %%9(3&9&19& efficacy changed to:-

" LIF/ BMP4 > LIF/ BMP4/ activin A > LIF/ BMP4/ TG F-B > LIF factivin A= LIF only.
10
When either TGFB or activin A was continuously present, progressive
differentiation of the ES cells was observed. |

Administration of LIF and BMP4 was observed to lead to phosphorylation of
15 SMADs, ERK and STAT3 (see Figs. 6 and 7} - demonstrating that there is
activation of pathways downstream from the BMP and gp130 receptors.

Example 8. Comparison of ES cells grown in ‘serum-free and serum-
containing medium.

We cultured OctdGFP ES cells in 0.1% gelatin coated 6 well plates at a density
of 4 x 10° celis per well in the following media: N2B27 plus LIF, N2B27 plus LIF
plus BMP4 and GMEM 10% FCS plus LIF. The resuits are shown in Table 1. Cell
dissociation buffer was used to dissociate cells. Afier passage 5 the number of

25 cells grown in N2B27 plus LIF was not sufficient to continue culture.

The invention thus provides medium and methods for self-renewal of ES cells of

many species.
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NMfnv3oGcaf qcMCLl .~wfVNPSei fVMMMQO O~ a0 ~O~Ww ~D
"' VG- y)+n eh...n+0 Oaaaaa240 '~ N~U Wz .~ RR MNMN ~ 'CAd
NMVhbooOOOo024 dains 1. Use of a conbination of: (a) a bone

nor phogeni c protein (BW); and (b) a cytokine acting through gpl30, for
pronot i @lpimsl f renewal of pluripotent cells in culture, wherein the
pluripotent cells are not of human enbryonic origin. 2. Use according to
C ai m 11 whey 6f & combirBBnicf:-BMP4. 3. Use according to Claiml or 2, wherein

the cyt oki n@a)ébbhgmdkphyg@mamém (BMPY ety of clains 1 to 3 wher ein the
cytokine is l§ o RinleLacﬁ;nbrthr p¥@o,on with soluble I'L-6 receptor. 5. Use

accor ding ¢f .%H%/ot Ppl r%&%h?ba Sl Rk ReefNtheGRlliSoehe ES
\(/:\ke1|e|r2 nae?'é@?%&e% E%g‘ab ﬁlc%réﬁ’?nce of a FGF rece tor |enh| t;l tor,

2. Use according to Claim 1 wherein the BMP is BMP4.
3. Use according to Claim 1 or 2, wherein the cytokine is LIF.

4. Use according to any of claims 1 to 3 wherein the cytokine is soluble IL-6 in
combination with soluble |IL-6 receptor.

5. Use according to any of Claims 1 to 4 wherein said pluripotent cells are ES cells
and are cultured in the presence of a FGF receptor inhibitor, wherein the FGF
receptor inhibitor is SU5402 or PD173074.

6. Use according to Claim 5 wherein said ES cells are first cultured in the presence of
the FGF receptor inhibitor and subsequently this inhibitor is withdrawn.

7. Use according to any of Claims 1 to 6 for culture of pluripotent cells selected from
mammalian and avian pluripotent celis.

8. Use according to any of Claims 1 to 7 for culture of ES cells selected from
mammalian and avian ES cells.

9. Use according to any of Claims 1 to 8 for culture of pluripotent stem cells selected
from rodent, bovine, porcine, ovine and primate pluripotent stem cells.

10. Use according to any of Claims 1 to 9 for culture of ES cells selected from rodent,
bovine, porcine, ovine and primate ES cells.

11. Use according to Claim 7 or 8 for culture of rat or mouse cells.
12. Use according to Claim 7 or 8 for culture of human cells.

13. Use according to any of Claims 1 to 12 wherein ES cells are cultured in medium
that is free of serum, serum extract, feeder cells and feeder cell extract.

14. Use according to any of Claims 1 to 13 wherein ES cells are cuitured in a fully
defined medium.

15. A method of culture of non-human ES cells so as to promote ES cell self renewal,
comprising maintaining the ES cells in medium containing:-

a. a BMP; and

b. a cytokine acting through gp130.

16. A method according to Claim 15 wherein the cytokine is LIF or IL-6 plus soluble
IL-6 receptor.



~receptor inhibitor is SU5402 or PD1 73074. 6. Use according to Claim5
wherein said ES cells are first cultugéd in the presence of the FGF
receptor inhibitor and subsequently this inhibitor is withdrawn. 7. Use
according to any of Clainms 1 to 6 for culture of pluripotent cells selected
from nEMAaetiodaccadingrioClain 161 wheraie the megliuradertbercerrapliges @t any  of

Cl ai ns jAhibRorof ® FGFUldceptorafhi@Sisc®UB402 ef 8D EB07dom manmmal i an and avi an ES
cells. 9. Use according to any of Clainms 1 to 8 for culture of pluripotent

stem cef ﬁ@tﬁ&dsﬂcuufurr@m heAMimarPESi didls, BSrhpHsig:-ovi ne and pri mate

pl :Jrl pot ent .Ehfgf é}yz éﬁtgsthté ﬁrbmt‘aFe @ ioBI oh FeSddrar
cu turgn 91%?,6 &&y‘? {l Ho ug'??F Gh¥tralVbfSerahfl
pri mat or cu ture of rat or
nouse cel | Spas%a};m ’i m 7 [ cel I s.
13. Use accHfitifmpMpg ity % %erftmf h‘%"ﬁ‘éhl rixti{rgi red in
medi umth ?tﬁ%ﬁdeﬁlfﬁ"@%e@f éh'eﬂ GMW&FP&C‘? %f&e?e@é“ P8 z?ﬁ&"’meeder cel |
ext r actexiragt; anse according to any of d ai s, 1to 13 wherein ES cells are
cul tured i nsabmqueptlym@amta@mnq&ﬁ/ gells ins plurigetard gtale i the presepee §bn- human
ES cel | s so(l®sa BMRyraowbt e ES cel | self renewal, conprising maintaining the
ES cel I s i n(iradiytokinoattrigihnougragp®3BMP; and b. a cytokine acting through
gpl130. 16. A nethod according to Caim 15 wherein the cytokine is LIF or
:Alk];a?elolw ﬁb%&acddrd:ﬁgﬁ@@ﬁh@% &mpAdingAultaiing the ESalisng the C ai m \MiS i
r
" su52’6% or‘@%ﬁg’{?‘?ﬁf‘tb BF ah TTH rS@dtawhichRhs BUS0206r RDFEB07£CEpt 0 ic
20. A method according to Claim 19 wherein the inhibitor is added to cuiture medium
at around the time that serum or serum extract is withdrawn.

21. A method according to Claim 20 wherein at the same time as or subsequent to
maintenance of the cells in the presence of a BMP, the inhibitor is withdrawn.

22. A method of obtaining a transfected population of non-human ES cells,
comprising:-
transfecting ES cells with a construct encoding a selectable marker;
plating the ES cells;
culturing the ES cells in the presence of
(a) a BMP; and
(b) a cytokine acting through gp130; and
selecting for ES cells that express the selectable marker;

23. A method according to Claim 22 wherein the selectable marker encodes
antibiotic resistance or a cell surface marker.

24. A method of culture of non-human ES celis, comprising:-
transferring an individual ES cell to a culture vessel; and
culturing the ES cell in the presence of
(a) a BMP; and
(b) a cytokine acting through gp130,
so as to obtain a clonal population of ES cells, all of which are progeny of the ES
cell.

25. A method according to Claim 24 wherein the culture vessel is an individual well
on a plate.

26. A method of directing differentiation of a non-human ES cell towards a
neuroectodermal fate, comprising:- , maintaining the ES cell in the presence of:-
(a) a BMP; and
(b) a cytokine acting through gp130, and
withdrawing both (a) and (b) from the medium.



18. A nethod of culture of non-human ES cells, conprising: maintaining the
ES cells in a pluripotent state in cul6bure, optionally on feeders, in the
presence of a cytokine acting though gpl30 and serum or an extract of
serum passaging the ES cells at |east once; withdrawing the serumor the
ser um . rfantethodof dinectimgdifienentidtion ohd man-gnan IS celbivavards 2 iesent , so
~that t heeursdétudeiralffatse comprigérer s, serum and serum extract; and
subsequent | yh4Bigiiing e BSESldalthe présemcelafr i potent state in the presence of
(h) a BWP; an@a)(é LytBkinbtRKing ShRkighgb 130: angh gp130. 19. A nethod according
to C aim18, b.nghgcul turing the ES cells in the presence of an

I nhi bitor v@{hd%;% i '% HelgW Lich is SU5402 or PD1 73074. 20. A nethod
accordi ng ?’),%g}l g?ég %eﬁﬁf;l Ori nhibitor is added to culture nedium at
around the t . Or’ serum.extract | i 1. hdr. " A. et hod
accordi ng t §N@dding 34u %’P%gﬂa@?g%eggﬁé’apﬁh% (\?Igt\dsc}’q?lp @@@é@eﬁ%%{ﬁ'ﬁ

mai nt enance of the cells in the _presence of a BWP, the inhibitor is

wi t hdr &6 A mediym feit seblresewsh PAFR ¢#R)ISaCOMRASINGct ed popul ation of non- human
ES cells, bespirmedivg; transfecting ES cells with a construct encoding a
sel ectabl e aeBMEr; plating the ES cells; culturing the ES cells in the
presence of g dy&kiee Bblhg thmdugibppa30yamki ne acting t hrough gpl30; and

sel ecting fan ifch tegddporichat express the sel ectable marker; 23. A method

accordi ng t qhehrdihthe fediehas frebhsf seplimcraldirémn@diiget. encodes  antibiotic
resi stance or a cell surface narker.

29. A medium according to Claim 28, further comprising insulin or insulin-like growth
factor.

30. A medium according to Claim 28 or 29 wherein the medium is free of feeder cells
or feeder cell extract.

31. An ES cell culture medium comprising:-
(a) a BMP;
(b) a cytokine acting through gp130; and
wherein the medium is free of serum and free of serum extract.

32. An ES cell culture medium comprising:-
(a) a BMP;
(b) a cytokine acting through gp130; and
wherein the medium is fully defined.

33. A medium according to Claim 31, further comprising an inhibitor of a FGF
receptor which is SU5402 or PD173074.

34. A medium according to claims 29 fo 31, wherein the cytokine acting through
gp130 is LIF at a concentration of at least 10 U/ml.

35. A method of obtaining a differentiated cell comprising culturing an ES cell
according to any of Claims 15 to 27 and allowing or causing an ES cell to
differentiate, wherein the ES cell contains a selectable marker which is capable of
differential expression in the desired differentiated cell compared with other cell-
types, including pluripotent stem cells, whereby differential expression of the
selectable marker results in preferential isolation and/or survival and/or division of the

desired differentiated cells.

36. A method according to Claim 35 wherein the differentiated cell is a tissue stem
cell or tissue progenitor cell.

37. A method according to Claim 36 wherein the differentiated cell is a terminally
differentiated cell.



24. A nmethod of culture of non-human ES cells, conprising:- transferring an
i ndividual ES cell to a culture vessel27 and culturing the ES cell in the
presence of (a) a BMP;, and (b) a cytokine acting through gpl30, so as to
obtain a clonal population of ES cells, all of which are progeny of the ES
cel | . Z®R. Amethdrbaceardinadoranytef Claisnen 540 Rcareimto $ie whereintae madiegm s an

i ndi vi cpfalllywelfined omediuml. at e. 26. A nethod of directing differentiation of a
non- human ES cell towards a neuroectodermal fate, conprising:- ,

mei nt aigy. NOnidifodEst @ehinind diffeerizee bells, domprisig:a BVP; and (b) a cytokine
acting throgg;,mg‘ no mah ESEes iR G petiund @dnnidig) from the medium 26

27. A netho dlfferentlatlon of a non- hunman ES cell towards a

B
bresence. of . eééﬁ k'[‘gta%“”ﬁq”m g R
t hd e Re BVE: and/or (11) addi
\z,im fur[ﬁ\émr ngPBH%mF'g’n Wb‘g ?%5'93 %tpr%‘or}b tq?i ?%%f ergztl g'[l (()n : 28 A
medi um for Hareby ehtaiRing dhe é@st‘f% rergpiiay F’Fié"? Iop basal medi um a BMP;



a cytokine acting through gpl30; and an iron transporter; wherein the
mediumis free of serumor serumextract. 29. A nedium according to Claim
28, further conprising insulin or insulin-like gromth factor. 30. A nedium
according to Claim28 or 29 wherein the mediumis free of feeder cells or
feeder celoosmdsect. 31. An ES cell culture nedi um corpr/Geesngs? (a) a BMP,
(b) a cytokine acting through gpl30; and wherein the nediumis free of
serum and free of serum extract. An ES cell culture nedium conprising:
(a) a BWP; (b) a cytokine acting thfiough gpl30; and wherein the nmediumis
fully defined. 33. A nediumaccording to Claim31, further conprising an

I nhi bitor of a FGF receptor which is SU5402 or PD173074. 34. A medium
according to clains 29 t g the (é/itoki ne acting through gpl30 is
LIF at a concengration gt I,e;a 135 wA net hodwQf obtaining a
differentiated gpll conpmi mgﬁc?a r;grg; argES eell according to any of
Clainms 15 to 27=and al | 64i OE &ifh gs“t Il to diferentiate,
wherein the ES 8e|d> cont& ac e‘_(:t\a g [ apabl e of

di fferenti al nOt ‘He2d8s i & Cdl'gf ngi ated celr" conpared with

ot her cell - tyg 1 i gﬁpgtégi {g)ﬁerg %t%écBlhs,Smhe%y differenti al

expressi on of tpe Es e Iy Backes resifts ngﬂ,p%’e%rent lal isolation

and/ or survival Zarg/ O\Q%O&ﬁf&ﬁ ke =2 %s r%d%‘d% erentiated cells.
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36. A nethod according to Caim35 wherein the differentiated cell is a
tissue stem cell or tissue progenitor cell. 37. A nethod according to
Claim 36 wherein the differentiated cell is atermnally differentiated
cell. 27 38. A nethod according to any of Cains 15 to 27 or 35 to 37
wherein twweommdsasmis a fully defined nmedium 39. A pevéBw@owk? obt ai ni ng
differentiated cells, conprising:- maintaining non-human ES cells in a

medi um conprising (a) a BMP, and (b) a cytokine acting through gpl30
downstream signal | i ng pat hway; ving one or both of (a) and (b) from

t he nmedi um optionall ' | & = " crafiiiat Ur e; and

PCT/ GB03/ 01967 1/ 7 ~
b- C14 C) z C In
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free medium plus LIF and BMP4
Day8
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FIG. 2
Transfection of pPCAG-tauGFP-IPinto ES cells
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